The early developmental phase is among the most important yet least studied periods in the life cycle of waterfowl (Sedinger 1992 In addition to duckling growth, prefledging survival is among the least understood components of recruitment in mallards (Cowardin et al. 1985) . Most mortality of mallard ducklings occurs during the first 2 weeks of life (Orthmeyer and Ball 1990, Rotella and Ratti 1992). Predation often is identified as an important source of duckling mortality (Talent et al. 1983 ), but abiotic factors, primarily weather, may directly influence duckling survival (e.g., Korschgen et al. 1996) . Adverse weather also can indirectly influence growth and survivorship of ducklings by altering time-activity budgets (increased time spent being brooded vs. foraging) or by decreasing the availability of aquatic invertebrates (reviewed by Johnson et al. 1992) . Ducklings with more rapid early growth should be less susceptible to weather-related sources of mortality because of larger body size (i.e., decreased surface area:volume ratio) and greater nutrient reserves (Sedinger 1992 ). Thus, early growth of ducklings may serve as an important link between availability of food resources and survival. In turn, brood and duckling survival are among the most important factors affecting production and the subsequent population dynamics of mallards (Johnson et al. 1992 ).
We measured growth and survival of captive mallard ducklings during their critical early developmental period. We tested for variation in duckling growth in relation to (1) body mass at hatch, (2) numbers and biomass of aquatic invertebrates, and (3) several measures of ambient air temperature. Finally, we tested for variation in duckling survival in relation to growth. Our objective was to develop predictive equations for these relations.
STUDY AREA
We conducted our study using a complex of 20 experimental wetlands (hereafter, wetlands) constructed in 1992 at Northern Prairie Wildlife Research Center, 3 km east of Jamestown, North Dakota (46?53'N, 98?38'W). The flooded surface of each wetland was 22 x 22 m, and basins were sloped at 14? to form a 12-X 12-m area in the center of each wetland, which was flooded to maximum depth of 1.2 m. To prevent seepage, we installed waterproof liners in each wetland and then overlaid them with sediments. We spaced wetlands evenly in a 4 X 5 array, and each wetland was enclosed by steel chain link fencing and covered with nylon netting. This construction excluded predators and isolated females and their ducklings from other such groups. Predominant emergent hydrophytes were a mix of wet-meadow, shallowmarsh, and deep-marsh species (Stewart and Kantrud 1971) that included Hordeum, Phalaris, Poa, Polygonum, and Typha spp. Enclosures included strips of upland (approx 7 m width) surrounding each wetland.
METHODS
We initially flooded wetlands during August 1992. In spring 1993, we inoculated wetlands with water, benthic core samples, and dry shoreline sediments from natural wetlands to speed colonization of plankton and aquatic macroinvertebrates (Euliss and Grodhaus 1987 (Fig. 1) . We removed activity traps from wetlands about 24 hr after deployment and preserved invertebrates in 80% ethanol. We estimated aquatic invertebrate numbers in each wetland by counting and identifying invertebrates from samples by taxon and then calculating the mean number of organisms per trap for both types of activity traps. To estimate invertebrate biomass, we dried them to constant mass at 60?C prior to determining mass (? 0.0001 g). Further details of our invertebrate sampling methods are described by Hanson et al. (1995) and Roy (1995) .
For analysis, we considered 2 response variables as measures of duckling growth: (1) body mass at 17 days (for surviving ducklings only), and (2) growth ratio (for all ducklings). We define growth ratio as the proportion of "expected" body mass achieved by a duckling when last measured. To estimate expected body mass, we where W(t) is the estimated body mass at age t, WO is the asymptotic mass, m is the shape parameter, k is the maximum relative growth rate (per day), and to is the age in days at maximum rate of growth. Two females (1 each in 1993 and 1994) failed to hatch broods. We also could not measure body mass of 5 ducklings that disappeared (and we presumed died) during the experiment, and we were unable to assign final body mass for 4 ducklings that lost web tags. We excluded these 9 ducklings from analyses of growth and survival but included them in our estimation of KaplanMeier survival rates. Five ducklings from each brood in 1993 were color-marked to obtain behavioral data for another study. Because growth and survival of these ducklings appeared ad- 
Survival
The 17-day survival rate for 223 ducklings we monitored was 0.84 (SE = 0.025; Fig. 2 ). There was no incidence of total brood loss. We determined final body mass for 31 of 36 ducklings that died during the 17-day experiment.
Duckling survival was positively related to growth ratio in our analysis that accounted for potential intrabrood correlation among duck-lings (Wald X21 = 11.37, P = 0.0007) and in our analysis that treated ducklings in the same brood as if they were independent (Wald X21 = 25.54, P < 0.0001). However, these models did not fit the observed data well (Hosmer and Lemeshow goodness-of-fit statistic = 41.55, 8 df, P < 0.0001), primarily because observed growth ratios of ducklings that died early (in the first 3 days of life) were much higher than predicted by our logistic regression model (Fig. 3) . Therefore, we repeated our analysis and excluded the 4 ducklings that died within 3 days posthatch (see explanation in Discussion). We again found that survival was positively related to growth ratio in analyses that controlled for potential intrabrood correlation (Wald X21 = 31.40, P < 0.001) and in analyses that treated ducklings as independent (Wald X21 = 26.29, P < 0.001). where P(Surv) is the probability that a mallard duckling will survive the entire period from 3 to 17 days of age (Fig. 3) .
DISCUSSION

Duckling Growth
Most earlier studies of relations between nutrition and growth of ducklings in natural or seminatural settings were anecdotal or characterized by small sample sizes, lack of replication, or other difficulties associated with controlling and measuring important variables under field conditions. Thus, although previous studies were important for generating, and in some cases testing, hypotheses about nutritional effects on growth, they have not allowed for the estimation of parameters relating invertebrate density to growth. Our finding that duckling growth was positively related to invertebrate density is consistent with results of previous research. For example, Street (1978) Our finding that number of invertebrates was a better predictor of duckling growth than invertebrate biomass suggests that ducklings did not assess the relative value of food items and foraged primarily on foods that were most numerous. The benthic habits and large size of many snails in our wetlands may have decreased attractiveness of these food items to ducklings in our study. However, foraging inefficiency of newly hatched ducklings, differential capture rates among various invertebrate taxa by our activity traps, or temporal variation in invertebrate biomass that we failed to measure by sampling invertebrates on a single day also may have limited our ability to detect biomass effects. Few ducklings in our experiment grew as rapidly as wild mallard ducklings on which our growth curve was based (Fig. 4) Swanson (1977) reported that water fleas were highly available to feeding waterfowl only on warm summer nights when low oxygen conditions forced them to the water surface. Therefore, when daily minimum air temperatures are highly variable, daily availability of invertebrate foods may fluctuate greatly and contribute to poor growth of ducklings.
Duckling Survival
We found that survival of mallard ducklings was positively related to growth (as measured by growth ratio), which is consistent with suggestions from previous research. Street (1977) 
MANAGEMENT IMPLICATIONS
Our study provides parameter estimates for associations among invertebrate densities and other factors related to duckling growth and survival that are essential for modeling recruitment rates of mallards. We plan to incorporate predictive equations developed in this study into the mallard productivity model (Johnson et al. 1987) to increase its accuracy in predicting recruitment. We emphasize that our parameter estimates should not be extended beyond the range of explanatory variables recorded in our study because these relations may become asymptotic as invertebrates, for example, become numerous beyond the point where maximum growth of ducklings is reached, or as invertebrates become limited beyond the point at which ducklings cannot maintain body mass. Data from activity traps are easily obtained, and thus might serve as a convenient tool for wetland managers in need of methods that allow rapid assessment of wetland habitat suitability for ducklings. Sampling effort (in time or space) should be increased in correspondence to variability of invertebrate numbers.
Our study supports earlier recommendations that wetlands containing high densities of invertebrates should be conserved throughout the Prairie Pothole Region and in other areas of waterfowl production. Seasonal wetlands in the Prairie Pothole Region should receive particular attention because these wetlands are (1) highly productive (Swanson and Duebbert 1989), (2) used as brood-rearing habitats during wet years (Talent et al. 1982) , and (3) more susceptible to drainage than more permanent wetlands. Our results indicate that growth and survival of mallard ducklings, and probably other species of juvenile ducks, could be reduced if activities such as chemical application, fish introduction, and tillage or drainage of wetland basins decrease invertebrate abundance over large areas.
